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Good Day. Board members and others, I wish to first thank you for giving me the opportunity

to testify on the economic nature or the URCS and rail costing in general. This is a subject that I have

been interested in since the early 1980's.

My name is C. Gregory Bereskin. I am Professor of Economics and Finance at St. Ambrose

University in Davenport, Iowa, where I have been on the faculty since 1991. A copy of my academic

VITA is included as an attachment. I received my doctorate from the University of Missouri in 1983.

My dissertation consisted of building a bi-level model of railroad costs that demonstrated both that rail

costs are decidedly non-linear and that they may be expected to follow the expectations of economic

theory in terms of economies and dis-economies of scale.

Prior to joining St. Ambrose University, I was employed for a decade by the Atchison, Topeka,

and Santa Fe Railway company. My first four years there were as economist in the Cost Analysis and

Research section while the last six years were as Manager of Economic and Financial Analysis. In

these capacities, I worked extensively with both the URCS and its predecessor, Rail Form A. In

addition, I worked with the economics section at the Association of American Railroads on their

responses to the Rail Accounting Principles Board.

I wish to stress, however, that I am here on my own volition and not in support of any group or

individual. My primary concern is for costing to be done in a manner that fits within the basic theory

of economics. To this end, I wish to speak to three topics which, I believe, are important relative to rail

costing methodology, the non-linearity of railroad costs, the use of only two independent (or causal)

variables in relation to "percent variable" analysis, and some of my findings relative to alternative

methods of estimating railroad costs.



The first topic I wish to consider is the non-linear nature of railroad costs. Virtually every

researcher who has evaluated the nature of rail costs since the mid 1970's has found that the cost

structure is non-linear. This includes work by people such as Friedlaender and Spady; Caves,

Christiansen, and Swanson; Ivaldi and McCullough; and Lee and Baumel; as well as my own work. I

have provided a copy of my paper given at the 2008 Annual Meeting of the Transportation Research

Forum which partially covers my research for the past almost 30 years. This later research shows that

not only are railroad costs non-linear but that the current railroad market may be experiencing dis-

economies of scale so that if the firms grow in size, the most efficient level of average costs will also

grow. It is a logical extension that costs for additional traffic will also follow a non-linear pattern.

The second area that I wish to touch on concerns the use of only two independent causal

variables in each of the regression equations that are developed to estimate "percent variable" factors.

Two primary reasons exist for this situation. First, in the late 1930's when Ford Edwards was first

developing Rail Form A, the time required to estimate a regression equation with only two variables

(prior to computers) was such that, perhaps, one equation could be estimated by a person in a given

day. Thus, it was necessary to keep the models simple so as to not create undue computational

problems. If it was necessary to compare several regression models so as to choose the best one, this

greatly increased the work load. Now, with the advent of computers, equivalent regression

calculations may be done in a matter of nanoseconds so that an analyst has much more flexibility in the

development of costing models. This degree of effort required to perform the calculations may also

explain why the initial work was done using only a single year's cross section of data. We now have

the capability to use a pooled data set of both time-series and cross-sectional observations, a situation

that carries more importance now that there are only seven Class I railroads in the United States.

Third, the use of "percent variable" terms must also be called into question. There is no



definitive statement within the economic literature as to whether the appropriate cost to be used in

railroad regulatory analysis is an "average variable cost" or a "marginal cost." It is my belief that the

"variable cost" that is implied by law is a most accurately a measure of "marginal cost." My reason for

this conclusion comes from economic theory where the degree of markup (corresponding to market

power) under the optimal markup pricing models indicates a markup over "marginal cost." Likewise,

economic decisions are virtually always aimed toward decision making at the margin. A firm that is

using "marginal cost pricing" where prices (rates) are set equal to marginal costs would be expected to

experience little or no regulatory oversight. Under the economic theory of perfect competition, firms

are forced by the market to set prices equal to marginal costs if they wish to maximize their profits.

If the assumptions of non-linearity of costs and the insufficiency of simple two variable models

is accepted, then the basis and reliability of the current URCS models must be questioned. I have

always believed that it is counter productive to argue that a model is incorrect without providing some

guidance toward what may be a better methodology. In the case of the URCS, I would like to suggest

two directions that the Board might take as based on my past research.

First, if it is desired to continue the cost breakdowns as currently structured, then the primary

area of modification would be in the development of partial elasticity measures that could be used

instead of the current, constant, "percent variable" factors for apportioning costs. An example of this

methodology is covered in my 1989 Logistics and Transportation Review article" An Econometric

Alternative to URCS (Uniform Railroad Costing System)" (copy attached). Under this methodology,

each of the sixteen URCS expenditure categories is modeled using a translog functional form with

multiple measures of both intermediate operating parameters and size (or capital goods). Partial

elasticity measures may then be developed directly as partial derivatives of the translog form. These

can then be algebraically manipulated using the total cost level of the expenditure classification to



develop an estimate of either the marginal, incremental, or average variable cost associated with the

expenditure category, as based on the actual operating parameters of the movement in question.

Summing the marginal expenditure estimates for the sixteen categories will then yield an estimate of

the marginal cost of the actual movement. This type of procedure will, thus, consider the total level of

railroad operation and its effects on the cost of operation as well as the specific non-linear relations of

the traffic movement itself.

A second possible methodology discussed in my 2001 Article in the Transportation Journal,

"Sequential Estimation of Railroad Costs for Specific Traffic" uses a very similar methodology as

mentioned above except with only one estimated equation for total costs. This may be a slightly less

desirable technique in that the cost breakdowns are not made for sixteen categories of expenditures.

The benefit lies in the amount of statistical analysis that is necessary to develop a single translog model

rather than sixteen.
i

Each of these methods of estimating railroad costs has several major advantages over the

current simple URCS model. First, the models explicitly include the potential for railroad costs to be

non-linear. Second, the methodology allows for the estimation of both marginal and average variable

costs through a simplifying assumption of equal percent changes in activities.

Finally, in the current era where there is evidence that the railroad industry may, in fact, be

experiencing dis-economies of scale, these methods allow for much more reasonable estimates than

would a model that assumes continuously declining average and marginal costs.

I thank you for your time allowing me to present my testimony and would be more than willing

to answer any questions you may have.
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RAILROAD COST CURVES OVER THIRTY YEARS
WHAT CAN THEY TELL US?

C. Gregory Bereskin, Ph.D.
St. Ambrose University

ABSTRACT

Over the past thirty years, the railroad industry has undergone many changes. Firm size has
increased, the total number of miles-of-road operated by Class I railroads has decreased and
productivity has climbed tremendously so that the cost of moving rail freight has declined.
Much of the industry's gains are as a result of deregulation, but some of them are simply the
result of the changing nature of the firm. By looking at simulations of railroad costs, we are able
to tell much about economies of scale and density within the industry.

This paper looks at railroad cost curves that have been developed, for the years 1976,
prior to deregulation, 1990, approximately fifteen years later and 2005, through the use of
different econometric models. In addition, cost curves are developed for each of the class I
railroads in 2005 as support of the models. These curves are compared in order to develop
implications for economies and diseconomies of scale both as the industry has evolved and
potentially into the future.

One conclusion of the paper is that over a thirty-year industry, even though the industry
changed substantially in terms of the optimal size of the railroad firm, the long-run optimal firm
size has not changed a lot. In addition, there appears to be little economic justification for future
mergers if they are evaluated in terms of economies of scale. Finally, some firms may still have
the ability to make gains in terms of economies of density but that this is not true for all firms. In
fact, at least one firm is shown to have estimated short-run marginal costs above average costs so
that simple increases in traffic levels are not necessarily desirable.



INTRODUCTION

Rail freight movements, like most transportation services, are subject to a number of

technological characteristics that make costing of specific traffic a complex process. Among

these restrictions are conditions of joint production, economies of scale, scope, and density, and a

lack of data on specific expenditures as related to individual freight movements. As a result,

historic rail costing may be been divided into two general areas. One is movement costing which

has traditionally involved the use of accounting based allocative costing models such as the

Uniform Rail Costing System (URCS), originally developed by the Interstate Commerce

Commission for use in regulatory hearings and, currently, in use by the Surface Transportation

Board. The URCS relies on simple linear relationships in order to evaluate specific railroad

costs. This costing system has not been updated since the 1980's. The URCS applies "percent

variable" estimates, developed within two variable (output and size) regression equations, in

order to allocate expenses incurred by the railroads. One problem with this methodology is the

assumption that all of the percent variable estimates must be between zero and one. As a result,

the model contains an implicit assumption that the industry has continuing economies of scale

and to output (density).

Bu the mid 1970's the idea that the industry must be heavily regulated had eased and a

number of researchers began examining the nature of rail costs with an eye toward deregulation.

The new models of rail costs were much more oriented toward economic inquiry rather than for

use as regulatory costing tools. As such, they were aimed at examining whether the industry

could be characterized by linear relationships and whether there had been gains in productivity

over the prior periods. Models such as those of Caves, Christensen, and Swanson (1980,198la,



1981b, 1981c): and Bereskin (1996) looked at productivity growth while those Spady (1979);

Spady and Friedlaender (1976); Friedlaender and Spady (1980); Bereskin (1983); Barbara,

Grimm, Phillips, and Seltzer (1987); and Lee and Baumel (1987) were more closely concerned

with general shape of the cost function and the resulting economies of scale, scope, or density.

Oum and Waters (1996) discussed the status of transportation cost study advances over the prior

two decades and have described various refinements in the modeling methodology that has

allowed researchers to further test for economies of scale and scope as well as productivity

growth. All of these studies generally agree in their conclusions that the railroad industry has

been achieving productivity gains both over time and through mergers and that rail costs are

decidedly non-linear in nature.

The Barbera, Grimm, Phillips, and Selzer study (1987) is primarily concerned with

directly estimating the cost relation in order to test hypotheses concerning economies of scale

and density in the industry and thus estimates only the cost function. Alternatively, Lee and

Baumel (1987) deals with a simultaneous estimation of both the cost and demand function for

rail services for the years 1983 and 1984, where the translog function is used as a Taylor series

approximation to an unknown underlying cost function while the demand function, being a

derived relationship, is modeled as a Cobb-Douglas structure. Both studies find that economies

of density exist although the estimates obtained by Lee and Baumel (1987) are significantly

lower than for Barbera, Grimm, Phillips, and Selzer (1987). Additionally, both agree that returns

to scale appear to be insignificant. One problem with the analysis is that the proxy variable used

for the size of capital stock in each of these studies is miles-of-road, an approximation that may



introduce a bias into the results as miles-of-road fails to address the condition and level of quality

of the roadway capital.

More recently, in an effort to determine the effects of density and railroad mergers on

costs, Ivaldi and McCullough (2001) have estimated a translog model of short-run railroad costs

using different types of car-miles as a measure of traffic. They find three implications for

railroads that are of interest here. First, that Class I railroads have returns to density. Second,

that there are significant second order effects among railroad operational outputs. Third, that

there are vertical cost relationships between freight operations and infrastructure operations.

Alternatively, Bitzen and Keeler (2003) have, in an effort to explain productivity growth in the

deregulated industry, applied both miles-of-road and developed price indices for right-of-way

capital structure and for equipment capital to explain the effects of capital within railroad costs.

They conclude that railroad productivity growth has continued at much the same rate as it grew

in the decade immediately following deregulation. Bereskin (2007) has also examined the

railroad industry using the translog function but was much more concerned with the looked at

railroad costs with an eye toward both economies of scale and costing of actual traffic on the

railroad system.

One problem with these models is that, while they examine economies using quantitative

methods, they do not take the extra step of actually examining the overall shape of cost curves

and whether there was an optimal size for a railroad firm. Only Bereskin (1983, 2007) actually

attempts to draw the curves and make implications toward where economies of scale end and

diseconomies take over. This paper will look at the models of Bereskin (1983,2007) and

compare the implication for railroad scale economies/diseconomies between 1976 and 200S.



II. METHODOLOGY

In his 1983 study, Bereskin found that the railroad industry appeared to have the potential

for significant gains from size. The model used translog functions to model expenditures in each

of the five major classifications of railroad expenditures: maintenance of way and structures,

maintenance of equipment, transportation, traffic expenditures, and general expenditures. (By

2005, the expense accounts had been changed so that only four categories were used:

maintenance of way and structures, maintenance of equipment, transportation, and general

expenditures). Only two primary independent variables, gross-ton-miles and miles-of-road-

operated were used in each equation although dummy variables for each firm and time were also

included as were price indices for wages and supplements, materials and supplies, and fuel.. All

of the models for individual sector expenditure were then embedded into an additional translog

function for overall expenditures. A primary assumption that allowed this methodology was that

the industry expenditures were, in effect, separable into a "tree" model structure where each

sector was allocated funds, which were then spent efficiently within that sector. This gave a very

general model that was then simulated to develop an overall structure of costs as output varied

around the average level for an average railroad in the industry.

In the more recent model, Bereskin (2007b), a single translog equation is used to model

the industry rather than multiple embedded equations. However, the recent model is more

general in that, rather than using miles-of-road as a proxy for capital stock, it uses separate

estimates of capital for equipment and roadway developed using the methodology of Bereskin



(2007a). Five intermediate measures of output, gross-ton-miles, train-miles, car-miles,

thousands-of-switching-hours, and thousands-of-horsepower-miles are used rather than only

gross-ton-miles.1 Three price indices, those for fuel, wages and supplements, and materials and

supplies are also included in the model.2i3'4

The translog equation is then:
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where the Q terms are the five intermediate measures of output, the K terms represent the two

capital stock measures, and the price measures are indicated by the P terms. Use of the translog

function requires that certain restrictions are met in order to insure that the cost function is well

behaved as required by economic theory. One implication then is that the cost function should

be linearly homogeneous. As such, the regression model requires restrictions on the coefficients

within the cost equation. These restrictions are
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The a, terms

correspond to the coefficients on the linear price terms of the translog equation and the b,i values

are the coefficients for the quadratic price variables in the translog specification. Symmetry

conditions indicate that b,i = bij. Development of values for average and marginal costs, follow

the methodology in that and earlier work by Bereskin.

Like the 1983 study, the model is simulated, allowing the output and, in this case capital

stock variables, to vary in order to estimate cost curves for both 1990 and 2006. (In the 1983

study miles-of-road rather than capital stock varied) To maintain some consistency with the

earlier study, a geometric average railroad is used with gross-ton-miles as the weighting factor

and when output varies, all of the intermediate measures are changed in the same proportion..

III. RESULTS OF THE MODELS

Railroads in 1976

Figure 1 is a copy of Figure 5.2.1 from the Bereskin (1983) study. The graph shows the

short-run cost relationships (average and marginal costs in cents per gross-ton-mile) developed

for a geometric average firm in the industry where gross-ton-miles was the weighting factor. In

this case, the average firm was seen to have 9,915.08 miles-of-road-operated. Average gross-



ton-miles were 28,814,260. Given that miles of road are held constant the model shows distinct

economies and diseconomies to output (density).
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Figure 1

Figure 2, is the equivalent long-run cost curve diagram (figure 5.2.2 in the original paper). For

this diagram, the number of miles-of-road was allowed to vary from 5000 to 35,000 in

increments of 5000 miles. The diagram shows distinct economies of scale for the smaller size



railroads. However, for larger size railroads, diseconomies appear to develop. Examination of

the data included in the report indicates that the lowest average cost figure from the simulations

is at 3.27308 cents per gross-ton-mile for the 25,000-mile-of-road railroad. The lowest average

costs for the 30,000-mile and the 35,000-mile railroads are 3.28735 and 3.31430 respectively.

This indicates that a railroad in the neighborhood of 25,000 miles-of-road was the potentially the

most efficient size in 1976.

Figure 2

FIGURE 5.2.2
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The 1990 Railroad

For 1990, the model of Bereskin (2007b) was simulated at 1990 levels for all relevant

variables. In order to accomplish this, weighted averages of the variables were computed. And

used to simulate the model. By 1990, the railroad industry had undergone degree of

consolidation. The number of Class I railroads had decreased to 14, the average miles-of-road-

operated had increased to 16,527, and the average gross-ton-miles had increased to 142,150,000.

The cost curves for this period shown in figures 3 and 4 however indicate that the optimal size

railroad had not changed significantly although the cost of moving traffic had decreased

significantly. Figure 3 shows the short-run cost curve at the average capital stock for the industry

in 199 with output varying from 0.8 to 1.6 times the actual weighted average levels for the five

11
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intermediate output measures. The marginal cost curve is shown to pass through the average

cost curve at just slightly under 1.5 times the average activity level. This indicates that there is

the potential for slight reductions in average cost as traffic increases.

The long run cost curves (Figure 4) show a relationship that appears to have not changed

significantly since 1976. The lowest of the various short-run cost curves appears to be at a

multiple of about 1.5 times the average capital stock values. This roughly corresponds to a

railroad size of approximately 25,000 miles-operated (1.5 x 16,527 = 24,790), not significantly

different than the 1976 size. While the industry had consolidated and moved toward the most

efficient railroad size, the optimal size did not change much, even if the cost per gross-ton-mile

had decreased substantially.
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The 2005 Railroad

Results of simulation of the model for the year 2005 were reported in Bereskin (2007b)

but are replicated here as well for comparison. The geometric average firm size had grown to

27,642.1 miles-of-road with gross-ton-miles of 823,357,000 gross-ton-miles. The simulated

short and long-run cost curves for this firm are shown below in figures 5 and 6. Figure 5 shows

the short-run cost curve at the average capital stock for the industry in 2005 with output varying

from 0.8 to 1.6 times the actual weighted average levels for the five intermediate output

measures. The marginal cost curve is shown to pass through the average cost curve at just

slightly over 1.1 times the average activity level. This indicates that, for the firm as defined here,

there is the potential for slight reductions in average cost as traffic increases.

15
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simulation where output levels are allowed to vary from 0.8 to 1.6 times average and where

capital stock (and the consistent output levels) is allowed to be either 0.25,0.50, 0.75,1.00,1.50,

or 2.00 times the weighted average level (Figure 6), shows results that are reasonably consistent

with the earlier situations.
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18.5 19 19.5 20 20.5

Log of Thousands of GrowtaHiiiles

21 21.5 22

The "long-run" minimum cost point for average cost appears to be at about 0.75 times the

weighted average level. This would correspond to a weighted average railroad of about 21,000

miles of road (0.75 x 27,642 = 20731). This is slightly smaller than for the 1976 and 1990

simulations, but given the differences in the models it is not impossible.
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Of importance here is that there appear to be diseconomies of scale in the railroad

industry, at least for the larger firms. However, even with these diseconomies, it is important to

note than the minimum average cost per gross-ton-mile has declined to just under one-cent. This

is in agreement with all of the other economic research that indicates that the industry has been

experiencing significant productivity growth over the past thirty years.

IV. INDIVIDUAL RAILROADS

The results of the models reported above indicate that the firms n the industry may

already have grown too large and are at a point of diseconomies. But does this hold for each of

the individual railroads? In order to examine this question, the Bereskin (2007b) model was

simulated for each of the individual Class I railroads. In this case, the railroads were allowed to

vary from 0.50,1.00,1.50, and 2.00 times their estimated capital stock levels, with output

between either 0.6 and 1.6 times size and actual output or 0.8 to 1.8 times size and actual output

as measured by the intermediate measures and times the capital stock increase. The model

indicates that the "big four" railroads, the Union Pacific, Burlington Northern and Santa Fe, the

Norfolk Southern, and the CSX Transportation are all in the range of diseconomies. On the other

hand, the three smaller railroads, the Kansas City Southern, the CNGT system and the Soo Line

should all be in areas with constant or increasing economies of scale.

The Big Western Railroads

Unlike the situation for the big eastern railroads, the two big western railroads, the Union

Pacific and the Burlington Northern and Santa Fe have much less to gain in terms of increased

density and are already at a point of diseconomies

18



BNSF:

The simulation of the model for the BNSF (Figure 7) indicates that the firm has reached

the point where not only is it experiencing diseconomies of scale but also appears to be at a

point where marginal costs have risen above average costs. This occurs at a point (as indicated

in Figure 7) where output increases above 0.8 times the current traffic makeup.

0.815
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UP

The Union Pacific system, like the BNSF is in the area of diseconomies of scale. However, there

appears to be some range where the UP can continue to handle traffic and gain economies of

density prior to the point where marginal cost rises above average cost.

Figure!
d Costs
UP2005

0.016

UU

0.012

s.
ji

0.006

il

d
l

ACZOfl'avgjd

20 22

The Big Eastern Railroads

The model indicates that for the two big eastern railroads, the Norfolk Southern and the

CSX Transportation system the results are very similar. As Figures 9 and 10 demonstrate, both

of these railroads appear to be in the area of diseconomies of scale. However, there are

significant economies of density that may be gained by using the track and equipment more

20



intensively. To demonstrate this, the simulation range for the eastern and smaller railroads was

changed from 0.6 to 1.6 times average traffic levels to 0.8 to 1.8 times average traffic levels.

CSX

The CSX Transportation system, according to the model, and shown in Figure 10, is also

in an area of its cost structure where significant gains may be made to traffic density. Marginal

cost does not increase above average cost until traffic levels have increased by more than 50%

above the average 2005 levels. Thus, at the estimated level of the capital stock, increases in

traffic volume will lower average costs even though diseconomies of scale are evident.

NS
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Like for CSX, the model indicates that the Norfolk Southern system has a great deal to

gain by increasing density on the existing system. While diseconomies of scale are the case,

marginal cost is seen to not cross average cost until average traffic has increases by over 60%

from its current (2005) level so that economies to density appear to be significant.

The Three Smaller Railroads

RguielO
Average BIKJ Miigiiul Costs

NS20DS

0.017

0.015

S.
is

0.007

•AC_0.50'avg_nl

-—jcijsrto ri
i
rd

18.5 19.5 20.5 21.5

Of

the

three smaller railroads, two, the Kansas City Southern and the Soo Line appear to have the

potential to gain from economies of scale. The third, the CNGT appears to be at or in the range

of diseconomies of scale but this may be due to a data anomaly.

CNGT
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The CNGT system was formed as an accounting combination of two Canadian National

owned railroads, the Illinois Central and the Grand Trunk. The combined railroad is much

different from the other railroads in the sample in terms of the ratio of roadway capital to

equipment capital. Where other railroads have a ratio of between 2.5:1 and 3:1 roadway to

Figure 10

CNGT 2005
(output multipBedbysizeandUtoU)

0.015

O.OU

0.013

0.012

0.007

0.006

MCJLSO'avgjd
<l

AC_1.50'avgjl
MCJ.50*avgLid

d

16.5 17.5 18.5 20.5

equipment capital, the CNGT has a ratio of approximately 5:1. This somewhat biases the cost

comparisons. Even in this case, the CNGT appears to have experienced only minimal dis-

economies of scale and has significant density economies available. Simulations indicate that

were the capital ratio close to the rest of the industry, economies of scale would exist.

KCS
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As shown in Figure 11, the Kansas City Southern is expected to have economies of scale

available at least up to twice (or more) its current size. However, at current traffic levels, the

railroad is very close to the minimum of average cost so that while there are some economies to

density still available they are relatively small. Simulation of output levels for the KCS was

between 0.6 and 1.6 times current traffic levels.
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SOO Line

The Soo line is like the K.CS in that it is a much smaller railroad than either the two big

eastern or two big western railroads. The simulation indicates that given the current estimated

capital stock levels for the firm, there are both economies of scale and density available.

Figure 12
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CONCLUSIONS AND POLICY IMPLICATIONS

The research presented here has several important implications in terms of costing of

railroad traffic. First, the model demonstrates that, the railroad industry, which was assumed to

have significant economies of scale during the period prior to and immediately following

deregulation was accurately described. However, in the subsequent period, with mergers
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between firms and general moves toward a more efficient network, the industry as a whole has

exhausted the potential for economies of scale. The optimal size (long-run) of a railroad firm

appears to be in the 21,000 to 25,000 mile- of-road-operated range and has been in that range

since at least 1976. Four of the railroads, two in the east and two in the west, have surpassed the

optimal size. Thus, any merger that might occur to create a trans-continental railroad must be

considered economically problematic.

A second result obtained from the analysis is that while economies of scale may have

been exhausted, economies of density still appear to remain for the majority of rail firms. Only

the BNSF appears to have been able to develop enough traffic to push marginal costs above

average costs. While mergers may not be economically advisable, actins on the part of the firm

to generate more traffic on their existing networks should allow marginal costs to rise as average

costs are falling. It should be noted, however, that the simulation assumed that the changes in

traffic levels occurred at a constant ratio to the existing traffic carried by each railroad (and

likewise for the industry simulations). Any variations in type of traffic will have slightly

differential effects as the values of the five intermediate output measures vary.

Finally, the current model is not designed to be the final word on rail costing. Several

modifications toward a multi-level model as suggested by Bereskin (1983) may in fact be
i

appropriate in order to give even more flexibility to rail costing. A bi-level model along these

. lines would allow for further examination of where productivity is gained and could yield

suggestions as to how the industry might become more efficient.
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Endnotes

1. A major distinction between this analysis and earlier models is in the use of a vector of
intermediate output or operating measures to define the railroads' outputs. This
compares with the use of either a single output measure or the use of proxy instruments to
measure output in earlier studies

2. A fourth price index (for other purchased items) was available, but use of this index
created a severe problem of multicollinearity

3. Where joint production occurs such as in the railroad industry it is often impossible to get
a single measure of output. Frequently, gross-ton-miles or car-miles are used as proxies.
Even when these proxy variables are used, it is appropriate to adjust their values for the
variations in traffic level such as was done by McCullouch(1993). As used here, the
individual intermediate output measures will be applied directly so that specific final
outputs can be described by their characteristics. One potential problem is that the
measures may actually reflect different operating characteristics for different traffic (a
thousand car-miles may consist of one car moving a thousand miles or a thousand cars
moving one mile). Unfortunately, given the current state of railroad statistics there is
little way around this problem, which occurs in virtually every rail cost model.

4. There is always some concern over specification bias when estimating any cost function.
Through use of these five measures, it is expected that the variability-in output has been
sufficiently explained especially when compared to models that use single measures of
output such as gross-ton-miles alone.
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Appendix A

RRID RAILROAD NAME
01 Atchison Topeka and Santa* Fe
02 Baltimore and Ohio
03 Bessemer and Lake Erie
04 Boston and Maine
05 Burlington Northern
06 Chesapeake and Ohio
07 Chicago and Northwestern
08 Chicago, Milwaukee, St Paul, and Pacific
09 Chicago, Rock Island, and Pacific
10 Clinchfield
11 Colorado and Southern
12 Conrail
13 Delaware and Hudson
14 Denver Rio Grande and Western
15 Detroit. Toledo, and Ironton
16 Duluth, Massabi, and Iron Range
17 Elgin, Joliet. and Eastern
18 Florida East Coast
19 Fort Worth and Denver
20 Grand Trunk Western
21 Illinois Central Gulf
22 Kansas City Southern
24 Louisville and Nashville
25 Missouri Kansas Texas
26 Missouri Pacific
27 Norfolk and Western
28 Pittsburgh and Lake Erie
29 St. Louis and San Francisco
30 St. Louis Southwestern
31 Seaboard Coast Line
32 Soo Line
33 Southern Pacific
34 Southern Railway System
35 Union Pacific
36 ^Western Maryland
37 Western Pacific
42 CSX Corporation
43 Norfolk Southern
44 ' ' CNGT
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C. GREGORY BERESKIN

Sequential Estimation
of Railroad Costs for Specific Traffic

Abstract
Railroad cost models have been estimated by numerous economists as well as govern-

ment organizations. Most of the economic models have been aimed at explaining the eco-
nomic characteristics of the production process rather than applying the models toward
the costing of specific traffic. The industry and the government (specifically the Interstate
Commerce Commission [ICC] and the current Surface Transportation Board [STB]) have
instead been concerned with developing models that can be used for costing specific traf-
fic, having less concern for the economic characteristics of the model. Examples of the
latter method include Rail Form A and the more current Uniform Rail Costing System
(URCS). Unfortunately, none of these'models have been updated since the late 1980s and
the estimated parameters may be significantly out of date.

This study involves the development of a model of railroad costs that may be applied
toward the costing of specific railroad traffic. The model is estimated sequentially for
years 1995-1998 using a set of data on Class I railroad expenditures over the period 1978
to 1998. Specific traffic levels are characterized for four hypothetical train types and
marginal cost estimates are obtained for each of these trains. The model and train costs
are then re-estimated as if the estimates were accomplished in each of the final years with
the data available at that. time. The marginal cost estimates for each subsequent model
then are compared across the models in order to examine the stability of the cost estimates
and costing methodology over time. Individual parameter values are expected to change
as the model progresses. However, it is also demonstrated that as time progresses the new
estimates give post-facto estimates of traffic costs that are similar to those that were
obtained in the earlier year model estimates.

Railroad cost models have been estimated by
both economists and government regulatory
organizations for more than sixty years. Most
of the economic models such as those of
Caves, Christensen, and Swanson;1 Spady and
Friedlaender;2 and Bereskin3 have concentrated
on the shape of the cost function and its impli-
cations for productivity growth and economies
of scale, scope, and density. Likewise, Oum
and Waters4 have discussed the current status of
transportation cost study advances over the last
two decades and have described various refine-
ments in the modeling methodology that has
allowed researchers to further test for

Mr. Bereskin is associate professor, St. Ambrose
University, Davenport, Iowa 52903; email
gbereskn@sauHix.sau.edu.
The author wishes Jo thank two anonymous referees for
their helpful comments on an earlier version of this arti-
cle. Of course, any remaining errors or .omissions are the
author's alone.

economies of scale and scope as well as pro-
ductivity growth. All of these studies generally
agree in their conclusions tj>at the railroad
industry has been achieving productivity gains
both over time and through mergers and that
rail costs are decidedly non-linear in nature.

Over the same period, the rail industry and
the government (specifically the Interstate
Commerce Commission [ICC] and the current
Surface Transportation Board [STB]) have
been concerned with developing models that
can be used for costing specific traffic, having
less concern for the economic characteristics of
the model. Examples of the latter method
include Rail Form A and the more current
Uniform Rail Costing System (URCS). These
models use linear "percent variable" equations
to allocate expenses to specific operating activ-
ities. Three primary problems exist with these
regulatory models. First, the allocative equa-
tions apply only one measure of intermediate
activity; second, the models are linear in

J ' l

!!'if.
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Minim-; :nul third, nciiher of these models has
IKYM upiliiicd since the late 1980s and the esti-
inuiccl paiamctcrs may be significantly out of
iliiie. McCullough' has attacked the problem
from a different direction by using instruments
created from an aggregation of car-mile types
to relate costs to car-miles in order to determine
cost characteristics for railroad traffic.

This study involves the development of a
model of railroad costs that may be applied
toward the costing of specific railroad traffic.
The model is estimated sequentially for years
1995-1998 using a set of data on Class I rail-
road expenditures over the period 1978 to 1998.
Specific traffic levels are characterized for four
hypothetical train types and marginal (incre-
mental) cost estimates are obtained for each of
these trains. The model and train costs are re-
estimated as if the estimates were accomplished
in each of the final years with the data that were
available as of each of these.dates. The mar-
ginal cost estimates for each subsequent model
are then compared across the models to exam-
ine the stability of the cost estimates and cost-
ing methodology over time. Individual parame-
ter values are expected to vary slightly as the
model progresses. It is also demonstrated, that
as time passes the new estimates give post-facto
estimates of traffic costs that are similar to
those that were obtained in the earlier year
model estimates.

METHODOLOGY

The Cost Function

For purposes of the current analysis, the cost
function will be modeled using the translog
specification. This is a common procedure in
developing economic models of rail costs as the
translog is one of a group of functions classi-
fied as "flexible functional forms." Under spe-
cific assumptions concerning the coefficients,
these functional forms may be seen to approxi-
mate unknown underlying functions. In its
translog form, exclusive of technology, the
basic cost function may be written:
CD

bC<

(where Q = (Qi.Qi,... ,QN) is a vector of inter-
mediate measures of output which when com-
bined define the characteristics of the final out-
put,' P, = (P,, P2 PM) is a vector of factor
input prices, excluding the price of the fixed
factor x,, such that p, is the price of factor input
X,, and T is the'vector of technological factors.

Technological Variations in the Model

Technological variation (other than that
implied by the structure of the model itself)
both over time and across firms is of impor-
tance in the development and estimation of the
model. It is assumed that these variations may
be described as die combination of two terms,
one relating to time and a second related to
inter-firm differences. The time-shift factor is
assumed to account for technological changes
in the production process that are occurring
over time and that are thus directly reflective of
the rate of change in productivity.

The inter-firm variations are accounted for
through the use of shift parameters on a firm-
by-firm basis. For notational simplicity, these
terms have been included in a vector "T" and
are reflective of the differences in operating
philosophy, territory, terrain, local conditions,
and the mix of traffic which would cause the
commonly defined activity variables to be
slightly different across firms, rather than being
directly reflective, alone, of the economies that
may occur from the combination of firms. The
cost function will then be written:
(2) C = (Q,P', x,;T) = h(T) $C(Q, P1, x,)

A further assumption is that the time and
industry portions of this vector are multiplica-
tive in nature so that the technology function
may be developed as:
(3) h(T) = e'~*hr(T)
where the subscript f refers to the individual
firm variable.

By substituting (5) into (4) and taking the
natural log of (4) the cost function becomes:
(4) In C = In C(Q, P1, x,) + In h, (T) + time
where shift parameters are applied in an addi-
tive manner to the translog cost model.

Use of the translog function requires that cer-
tain restrictions are met in order to insure that
the cost function is well behaved as required by
economic theory. A primary requirement is that
the cost function should be linearly homoge-
neous in input prices. As such, the regression
model requires restrictions on the price-related
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1

•j coefficients within the cost equation. These The variables Included in the model nre
; restrictions may be written: described in Table 1 . Four input prices nre
' V = i included: the prices of labor ns measured by
" (Sa) fa J° wages and supplements, the price of materials
* M and supplies by the materials and supply

(5b) £i.=0 V / = x,; i=l,...J*i ; J=\,...JM excluding fuel index, the price of fuel as indi-
>1 cated by the fuel price index, and the price of

where the a, terms correspond to the coeffi- other items indicated by the AAR's index for
cients on the linear price terms of the translog other expenses. Output is measured by a corn-
equation and die bji values are the coefficients bination of intermediate operating measures:

, for the quadratic price variables in the translog gross ton-miles, car-miles, train-miles, locomo-
specification. Symmetry conditions indicate tive-horsepower-miles, and total-switching-
that bp = bfc. hours. Through the use of five measures of out-

- Table 1. Definition of Variables

C = TOT_EXP Total railroad operating expenses

GTMC Gross ton-miles of cars, contents, and cabooses for firm f at time t (in millions).
CM Car-miles for firm fat time t.
TM Train-miles for firm fat time t.
THP Thousands of horsepower miles* ( locomotive unit miles * average horsepower).
THS • Total switching hours (road-switching + yard switching).
MR The miles of rail operated by firm f at time t ~ a proxy variable for the fixed factors of

!. production.

PF Price index for fuel (applicable only to the transportation sector ).
PWS Price index for wages and supplement.
PMS Price index for materials and supplies.
PO Price index for other operating expenses.

d(firm #): Firm proxy variable to compensate for inter-firm variation of non-merger firms.***
D_rr_# Separate dummy variables representing firms where mergers have occurred. Each firm

3ie time and
•e multiplica-
ogy function

ic individual

d taking the
becomes:
T) + time
i in an addi-
del.
tires that cer-
o insure that
s required by
ement is that
rly homoge-
te regression
price-related

is indicated by a pre-merger number and a post-merger number. Mergers are assumed
to •have occurred when the reporting entities are changed. .

D_rr_sc# Dummy variable to account for special charges to expenses as taken by a specific rail-
road in a specific year. Some railroads have booked more than one special charge.

D_pre_83 Dummy variable to account for a change in accounting methods (1983) where assets
were revalued and depreciation accounting was instituted.

Tune Time variable for underlying productivity trend experienced over the whole data period.

* Average horsepower values were not available for 1978 and 1979 so the equivalent 1980 val-
ues were used as a proxy. Industry average horsepower was used as a proxy where firms disap-
peared from the data set between 1978 and 1980.

**The natural log of any of the specific mnemonics above is indicated by prefixing with the let-
ter L: For example: LMOW = log (MOW). This convention will be followed throughout the arti-
cle. Squared terms are indicated by a 2 at the name end while cross terms are indicated by a combi-
nation of the two names with the second 'L' deleted. For example, LGTMC * LCM = LGTMCM
andLCM*LCM = LCM2.

***The Illinois Central Railroad has been deleted from the sample for the year 1997, a year in
which the railroad reported zero switching hours.

j-i
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put simultaneously, it is expected that the cost
differences due to varying traffic patterns may
be sufficiently accounted for.1 As is common in
much of the transportation literature, plant size
is accounted for by the measure of miles-of-
road operated. Road mileage is often acknowl-
edged as one, though not a perfect, measure of
capital for the railroads. Development and use
of an alternative series is beyond the scope of
the current study and, historically in railroad
costing, it has been commonly believed that
measures such as these are sufficient for regu-
latory and other purposes.

DEVELOPMENT OF SPECIFIC COSTS

Marginal (Incremental) Costs

Estimates of marginal or incremental costs
associated with specific rail traffic as devel-
oped here involves the computation of the out-
put elasticity and total differential of the devel-
oped cost function. The total differential of the
translog representation of the cost function
becomes:

where technology for a given firm during a
given period of time is fixed. As is expected,
the partial derivatives of the firm and time
dummy variables (representing technology)
with respect to the intermediate measures of
firm activity will be zero, indicating technolo-
gy is fixed in the short run. Likewise, it is also
appropriate to assume that the size measure
(MR) and input prices are fixed as well, so
that:

M a In q,

For small changes, it may be shown that

(8) d In C = ^

Substituting (11) into (9) and solving for dC
yields:

(9)

where dC is the incremental cost of rail traf-
fic, when the actual movement of the traffic is
characterized by the incremental intermediate

operating measures dq,,... , dqn multiplied by
the partial elasticity of cost relative to that vari-
able.

DATA AND ESTIMATION — PRIVATE COSTS
During the long period of railroad regula-

tion, the Interstate Commerce Commission
(ICC) required the railroads to supply informa-
tion on their costs and expenditures. Following
deregulation, the Association of American
Railroads (AAR) has continued to maintain
many of the data series on railroad operations.
This effort provided an unusually' valuable data
source. The data as collected by the AAR are
available through their two publications,
"Analysis of Class I Railroads" and the
"Railroad Cost Recovery Indexes," which sup-
plies indices of input prices. Using these two
sources, a fairly complete picture of rail opera-
tions may be developed.

The data are limited to the period 1978
through 1998 due to an accounting change that
occurred starting with the 1978 observations.
A dummy variable, D_pre_83, has been includ-
ed to account for a shift that resulted from the
1983 change to Depreciation from Retirement,
Replacement, Betterment accounting. An addi-
tional data problem involves the shrinking
number of railroads as mergers or bankruptcies
occurred and as some firms were dropped due
to insufficient revenues to remain classified as
Class I. Where mergers occurred, dummy vari-
ables for the firms prior to and following the
merger were included in the model to act as
proxies for changing railroad (Structure. As each
merger was concluded, a new dummy variable
was created using the railroad name and a
higher number. For example, when the Union
Pacific added the Missouri Pacific and Western
Pacific, the variable D_UP_1 ended and
D_UP_2 began. Likewise, a number of special
accounting charges were taken over the twen-
ty-one year period. In each year where a firm
took a special charge against expenses, this
was modeled with a 0,1 dummy variable. The
rationale for modeling the charges this way
was to allow the remaining variables to operate
more freely within the model to explain costs,
rather than modifying the data set to reflect
charges that may not be directly related to the
level of the firm's operations in any given year.

The data set as constituted consisted of
twenty-one years of observations with thirty-
six firms before consolidation. After consolida-
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tion and removal of several firms from the list
of Class I railroads due to reduction in compar-
ative revenues, the final year (1998) consisted
of data for only nine firms. Constructing the
data in this manner gave 421 observations of
varying number of firms per year for the twen-
ty-one years, a large enough sample to provide
sufficient degrees of freedom for most estima-
tion techniques associated with pooled data.

The model was estimated for the translog
functional form (equation 1) of the cost model.
In addition to the cost function, Shephard's
Lemma was applied to develop factor share
equations for fuel, labor (wages and supple-
ments), and other operating expenses.'
Simultaneous estimation of the cost model and
the factor share equation was performed using
the fuU-mforrnation-maximum-likelihood algo-
rithm in the Soritec econometric software
package. The causal variables consisted of the
parameters for -gross ton-miles; car-miles;
train-miles; thousands-of-horsepower-miles;
total-switching-hours; miles-of-road-operated;
input price indices for fuel, wages, and supple-
ments, materials and .supplies, and other
expenses; and the dummy variables represent-
ing individual firms, mergers, and special
charges. The firm dummies and special charge
dummies were not included as quadratic terms
in the translog functional relationship but
appear as 0,1 shift parameters. The restrictions
on the regression equations were required in
order to insure linear homogeneity of the input
prices within the cost function.9 Four equiva-
lent models were estimated, one for each of the
periods: 1978-1995, 1978-1996, 1978-1997,
and 1978-1998. Results of these regressions are
too extensive to be included here. They may,
however, be obtained from the author by
request. The regression results are reasonable
for a translog specification. One concern when
using the translog form is over the number of
variables whose t-statistics indicate a weak
level of significance. This is not an uncommon
situation when a complete translog function is
estimated due to the large number of factors
included in the functional form and the general
close relationship of 'the variables, which is
expected to cause some degree of multi-
coUinearity. As long as each individual vari-
able (GTMC, TM, CM, etc.) is important and
included, the choices for getting desirable t-sta-

tistics are limited. One possibility is to individ-
ually parse the regression terms until only sta-
tistically significant terms remain. This method
may cause the translog to lose its validity as an
approximation to an unknown underlying func-
tion. Since all of the variables are believed to
be important cost-related elements in the
movement of trains, and the factors as a group
were significant to the regression, each of the
variables was left in the equation.
A further consideration included hi the evalu-

ation of the regression involved the values and
signs and sizes of the partial elasticity estimates
that resulted from the regression equation. As
would be expected, the values of the partial
elasticities were each between zero and one, a
pattern that is normal and desirable. It must be
remembered that none of the variables will
work completely independently as, for example,
an increase in gross ton-miles will frequently be
accompanied by increased car-miles, train-
miles, and locomotive-horsepower-miles.

COSTS FOR SPECIFIC TRAINS
In order to determine the costs associated

with a specific traffic movement, it is necessary
to describe the movement hi terms of specific
movement parameters. These parameters are
then used to develop the levels of the intermedi-
ate output measures (GTMC, CM, TM, THP,
THS) that have been used in the model. Through
variation of the five activity measures, it is pos-
sible to simulate a number of different operating
scenarios as well as differin^trains. Increasing
the ratio of gross ton-miles to car-miles indicates
a heavy wheel loading, and an increase in
horsepower-miles relative to gross ton-miles
implies more locomotive power and thus more
speed. Any train that has these specific combi-
nations of intermediate measures would be
expected to yield the same cost estimates.
However, the likelihood of trains with decidedly
different make-ups having similar combinations
of intermediate measures is low. For example, a
unit coal train will have a significantly higher
ratio of gross ton-miles to car-miles and train-
miles than would an intermodal train. Likewise,
a faster intermodal train is expected to have a
relatively higher ratio of locomotive-horsepow-
er-miles to gross ton-miles than would a slower
moving mixed freight, even though the trailing
tonnage may be the same. In this way, the use of
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the live inlcrmciliiilc output measures allows the
s|x:cil'ic tniin lypcs to be evaluated on an indi-
vidual basis.

Cost estimates are provided below for four
types or hypothetical trains. The trains chosen
for examination correspond to (1) a heavy unit
train, (2) a mixed freight with mixed cargo, (3)
an intermodal movement of 120 trailers moving
1,750 miles on articulated spine cars, and (4) a
1,750-mile double-stack container movement
on lightweight 5 platform cars. It is important
for the reader to note that these trains have
decidedly differing operating parameters
designed to be reflective of (though not the
actual compilation of) actual train movements.
As such, the cost estimates shown here, while
not directly reflective of an actual train move-
ment, may be viewed as an approximation of
the cost level that would result from the move-
ment of a train with the hypothetical train para-
meters.

The partial elasticities of costs depend on the
level of service already being provided. While
it is possible to examine the cost estimates for
any individual railroad in the sample, it was
decided instead (for simplicity) to evaluate the
levels of costs for two types of "average" rail-
roads. Each of these railroads was developed by
averaging the railroads' operating parameters,
mileages, and prices for the years 1995-1998.
The difference in the two railroads is that one is
defined as the arithmetic average of the actual
railroads, while the second is defined using a
weighted average of the actual railroad parame-
ters where gross ton-miles is the weighting fac-
tor. All of the active Class I railroads were
included in each average firm. The primary dif-
ference between the two definitions is then that

the arithmetic average firm is closer to a mid-
line smaller railroad, while the geometric aver-
age firm more closely approximates the larger
railroads. Characteristics of the firms' operating
parameters for 1998 are indicated in Table 2.

The primary benefit of using two railroad
definitions is' that by using the geometric
weight it is possible to examine the behavior of
costs as total traffic and route density increases
with both railroad size and volume. Results
obtained in simulating the train scenarios for
the two railroad definitions indicate that some
economies exist to railroad size and density.
The geometric average railroad in 1998 is
approximately 96 percent larger in terms of
road-mileage yet carries between 107 and 120
percent more traffic than the arithmetic average
railroad, depending on the intermediate output
measure chosen. Since much research has indi-
cated that railroads experience some (though
not great) economies of size, scale, and densi-
ty, the cost estimates for the larger firm are
expected to be below those of the smaller firm.
Cost estimates for various train definitions as
shown below are, as expected, less when the
same incremental traffic is carried on the geo-
metric average railroad as compared to the
arithmetic average railroad, indicating some
returns to firm size and traffic density.

For each of the operating scenarios using
each of the hypothetical average railroads, the
cost estimates are given in tabular form. The
results were obtained for both types of average
railroad for all of the years 1995-1998. The
partial elasticity estimates used in determining
each of the costs are given in Table 3, for each
of the years. As may be expected, the partial
elasticity estimates show some variation both

Table 2. Definition of Railroad Operating Parameters, 1998 and Percent Increase of
"Geometric Average Railroad" over "Arithmetic Average Railroad"

Arlth. Avg. Railroad Geom. Avg. Railroad Percent Increase

Total
Per Mile
of Road Total

Per Mile
of Road Tptal

Per Mile
of Road

Gross ton-miles* 1000
Car-miles *1000
Train-miles
Thousand-horsepower-
miles
Total-switching-hours
Miles-of-road

291492000
3628600
52771900
447846000

1615130
13368

25636.94
319.14
4641.33
39388.39

142.05

626911000
7709310
109655000
983237000

2986380
26253

36266.98
445.99
6343.57
56880.54

172.76

115.070
112.460
107.791
119.548

84.900
96.382

41.464
39.747
36.676
44.409

21.620

Table 3a.

Average
Railroa<

year
1995
122fi
1222
1228

Average
Rallroai

year
1995
1996
1997
1228

Average
fiaUcou

year
1995
1226
1997
1228

Average
Rallroac

year
1995
1996
1997
1998

Average

1225
1996
1997
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Table 3a. Partial Elasticity Estimates - Arithmetic Average Railroad Activity Measures,
Mileage, and Prices

Average G-T-M C-M
98 Model 27_Mfldd 96 Model 95 Model 2&M2&1 97Model 96Model 25_Mgdjl

1225 0.251885 0.342744 0.267370 0.379075 0.022082 0.001044 0.04S420 0.020322
1996 0.254148 0.349715 0.270643 0.017346 -0.007070 0.039869
1221 0.231768 0.328132 0.021167 -0.005099
1228 0.234908 0.025279

Average

XESI
1225

1997
1998

IM
98 Model 27_Madsi 96 Model 95 Model 98 Model 27_MflM 21Msdel

0.192253 0.124347 0.151713 0.165859 0.090580 0.150457 0.166703 0.146929
0.200855 0.131989 0.159620 0.082154 0.144441 0.160557
0.211101 0.141654 0.077589 0.141589
0.202513 0.078112

Average T-H-S M-R
Railroad 98 Model 97 Model 96 Model 95 Model 28_MflM 97 Model 2<LMfidfil 2&Mfidel

1995 0.019007 0.016613 0.017151 0.014203 0.367988 0.387977 0.311458 0.360432
ISSfi 0.019116 0.016874 0.017086 0.381372 0.397507 0.320641
1997 0.020710 0.018238 0.407863 0.425691
1998 0.020975 0.393608

Average

1995
122$
1997
1998

P-F . P-WS
98 Model 97 Model 96 Model 95 Model 98 Model 97 Model 96MfiM

0.079758 0.079758 0.079992 0.079900 0.759014 0.786580 0.776978 0.786441
0.092067 0.092083 0.092426 0.758831 0.786490 0.777133
0.091170 0.091184 0.759223 0.787228
0.072285 0.756148

Average P-O P-MS
28_Madf] 97 Model 2OSftdeJ 95 Model 98 Model 97 Model 26_Mfidfil 25JMfldd

1225 0.013695 0.007225 0.035071 0.060774 0.147534 0.126437 0.107959 0.072886
1226 0.003980 -0.002277 0.025225 0.145123 0.123704 0.105216
1997 0.007083 0.000684 0.142525 0.120905
1998 0.032264 0.139303
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Table 3b. Partial Elasticity Estimates
Mileage, and Prices

Geometric Average Railroad Activity Measures,

Average
Railroad

1995
1996
1997
1998

Average
Railroad

1995
1996
1997
1998

Average
Railroad

1225.
1996
1997
1998

Average
Raikflai

1225_
1996
1997
1228

Average
Railroad

1995
1226.
J997
1998

98 Model

0.229101
0.238037
0.214954
0.213669

98 Model

0.226051
0.243627
0.257035
0.253272

98 Model

0.020699
0.020723
0.022583
0.023113

98 Model

0.083038
0.096906
0.097468
0.079948

98 Model

0.012444
0.003422
0.006431
0.029300

G-T-M
97 Model

0.330702
0.346969
0.324859

T.M
97 Model

0.156576
0.177358
0.193022

T-H-S
97 Model

0.018348
0.018639
0.020226

tF
97 Model

0.083036
0.096911
0.097465

Z=fl
97 Model

0.005937
-0.002788
0.000099

96 Model 95 Mode)

0.245291 0.380072
0.254769

96 Model 95 Model

0.179038 0.184187
0.198067

96 Model 95 Model

0.018492 0.015418
0.018348

96 Model 95 Model

0.083269 0.083175
0.097233

96 Model 95 Model

0.034111 0.059817
0.025272

98 Model

0.021881
0.010673
0.011664
0.015690

98 Model

0.056679
0.036957
0.030866
0.027763

98 Model

0.431549
0.458047
0.491480
0.487217

2&Mojl£l

0.761339
0.759909
0.759175
0.756510

98 Model

0.143179
0.139763
0.136926
0.134242

C-M
97 Model

-0.007908
-0.023203
-0.023538

T-H.P
97 Mo0el

0.122795
0.104422
0.098693

M-R
97 Model

0.443911
0.460532
0.493682

P-WS
97 Model

0.789509
0.788249
0.787931

P-MS
97 Model

0.121518
0.117629
0.114504

96 Model

0.044235
0.030959

96 Model

0.143595
0.126487

96 Model

0.360725
0.379952

96 Model

0.779412
0.778188

96 Model

0.103208
0.099306

95 Model

0.009653

95 Model

0.132656

95 Model

0.423602

9S*Model

0.789065

95 Model

0.067942
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over the four years and four models as both
operating parameters and prices vary. Over the
sample period, the average size of the railroads
was seen to increase due to mergers, leading to
a reduced number of (larger) firms. Likewise,
the firms not subject to mergers were actively
reducing their mileage while carrying the same
or more total traffic, leading to greater densi-
ties on the existing structure. The elasticity
estimates are relatively stable both over time
and model, although there is some tendency
toward decrease both over the models and over
time as the operating characteristics of the
industry changed. Only the partial elasticity
estimates for GTMC, CM, TM, THP, and THS
are applied in estimating marginal costs as the
miles-of-road and input prices are assumed
fixed in any given year.

Heavy Unit Train

The heavy unit train used in this example
consists of 100 lightweight aluminum cars
weighing 26 tons each. Each car is loaded with
105 tons of cargo and will make a 1,000-mile
trip with a 100 percent empty return ratio. Four
3,000-horsepower locomotives are used to pull
the train. Twelve hours of time is devoted to
switching, primarily in loading and unloading
the train. The resulting cost estimates are given
in Table 4a and b below. Costs for the move-
ment of this train are generally decreasing both
over time and over the four models for both the
arithmetic and geometric average railroads.
The range of incremental cost estimates for the
hypothetical movement varies between $4.757
and $7.442 for the arithmetic average railroad
and $4.227 and $7.590 for the geometric aver-
age railroad. Consistent with the concept of
economies of scale, size, and density, the larger
road has the lower cost structure.

Mixed Freight Train

The estimated costs for the mixed freight
train follow the same general pattern as with
the unit train, with the later years and more
current estimated model yielding generally
lower cost. The example of a mixed freight
train applied here will consist of 90 cars weigh-
ing 32 tons each. On average, the cars are
loaded with 70. tons of cargo and are returned
empty 45 percent of the time. Trip length is set
at 500 miles. Three locomotives of 3,000

horsepower each will pull the train. The train
will be involved with switching operations for
an estimated sixteen hours during its move-
ment Costs for the mixed train are in Table 5a
and b. The mixed freight train shows lower
cost estimates than the unit train on a ton basis,
primarily due to the lower axle loading and
lesser total trailing tonnage. Additionally, the
mixed freight travels one-half the distance of
the unit train. These factors are somewhat com-
pensated for by the lesser horsepower and
greater number of switching hours assumed.

Intel-modal Train 1 — Spine Can
Two intermodal trains were hypothesized for

comparative purposes. The first intermodal train
consists of 120 intermodal trailers weighing, on
average, 28 tons for the trailer and contents.
The trailers are loaded on lightweight, five-unit
articulated spine cars with six wheel-sets per
each car of five platforms. The articulated cars
are estimated to average 14 tons weight for each
platform. The train is projected to travel 1,750
miles with a 5 percent empty return ratio.
Because of the higher required speed for inter-
modal traffic, the trainset will include three
locomotives even though the trailing weight is
somewhat below that of the mixed freight.
Switching time is assumed to total six hours.
Estimates of total, marginal, and average costs
for this train are listed in Table 6a and b. Like
the unit train and the mixed freight, the cost
estimates follow a pattern of decreasing costs
over both years and models. Howfcver, the per-
ton estimates for the spine cars train are signifi-
cantly higher than for the previous two trains.
The primary cause of this is the reduced ton-
nage over which to allocate the costs and the
significantly greater mileage (more than triple
the mixed freight) over which the train is
assumed to travel. Both of these factors tend to
increase the per-ton costs.

Intermodal Train 2 —Double Stack

The second intermodal train consists of five-
well articulated cars with an average weight of
16 tons per well. Each five-well car has six
wheel-sets and is assumed to be loaded with
two containers of an average 28 tons each for
an average weight of 56 tons per well. Thus,
the train consists of 24 cars for a total of 120
wells carrying 240 containers and is assumed
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to travel a total of 1,750 miles. An estimated 10
percent empty return ratio is applied to this
train, which for the required speed will have a
four-locomotive consist. Eight hours of switch-
ing time is assumed for the train. The cost esti-
mates for this double-stack train are listed in
Table 7a and b. As expected, the double-stack
train costs per-ton were significantly below the
spine car estimates for a train moving the same
distance even though the total costs were high-
er. The explanation for this is that relative to
the weight of the car, the load weight is double
that of the spine car model. It is important to
note, however, that the loading and unloading
of the railcar platforms has not been included
in the analysis of intermodal costs. Also
excluded has been the cost of any local drayage
to the originator or terminal receiver of the
traffic.

CONCLUSIONS
The research presented here has several

important implications in terms of costing of
railroad traffic. First, the model demonstrates
that, with only minor simplifying assumptions,
a general model of total railroad costs may be
used to obtain estimates of costs for specific
trains. These estimates may be obtained on a
railroad-by-railroad basis or for theoretically
defined railroads, as are examined here. The
costs may be used for analysis of competitive
market conditions, analysis of individual train
costs, or analysis of changes in road structure
on costs. Of particular interest is the significant
cost advantage of the long-distance double-
stack movement over a similar movement of
intermodal highway trailers.

Over time and as the models were re-esti-
mated with each year's new data, the estimates
of both partial elasticities and costs per train or
per ton were seen to decline. This is consistent
with the idea that the railroad industry is gain-
ing economies of scale, scope, and density. The
current analysis does not, however, indicate
how far the industry may be able to extend
these economies either through further mergers
or greater operating efficiencies.

Second, the model demonstrates that cost
economies do appear to accrue to larger rail-
roads. Under each of the differing trainload
scenarios tested, the geometrically weighted
railroad that had more track mileage and
greater traffic also had lower estimated train-

load costs. These are all hypothetical trains on
hypothetical railroads, so the actual costs on
actual properties are expected to be slightly
though not substantially different.

Finally, since costs may be obtained relative
to defined operating parameters, the model
shows that it is possible to examine individual
economies of scale, scope, and density relative
to traffic levels in the industry as a whole and
on specific railroads as traffic types and operat-
ing philosophies change.

The estimates for specific traffic are relative-
ly stable as the model is estimated over subse-
quent years. The elasticities relative to the vari-
ous measures of activity do not change sub-
stantially over time, allowing the estimates of
marginal costs to remain reasonably consistent.
As should be expected, the model generates
some decrease in estimated costs, on average,
as subsequent years are estimated. This is nor-
mal, as the operating parameters are changing
over the simulation period, and is in line with
the changing nature of the industry as the aver-
age railroad (whether measured as an arith-
metic or geometric average) increases in size
and traffic carried. Likewise, the analysis
brings into question whether the simple, linear,
and decade-old URCS analysis of the ICC and
STB may be out of date and no longer valid
relative to the changes in the industry. The
model further hints that returns to scale, scope,
and density do exist within the industry.

A final result from the regression analysis
and the estimate of the time coefficient in each
of the models indicates that total faiAor pro-
ductivity within the industry has been growing
at a rate of between 3.474 and 3.693 percent
per year, depending on the period modeled: a
result that is reasonably consistent with earlier
analysis.10 This also helps to explain some of
the cost reduction over the tested time periods.

The current model is not designed to be the
final word on rail costing. Several modifica-
tions toward a multi-level model as suggested
by Bereskin" may be appropriate in order to
give even more flexibility in the costing of spe-
cific rail traffic. A bi-level model along these
lines would allow cost analysts to not only esti-
mate costs for specific trains but also examine
the relationships among the four primary areas
of rail firm activity: maintenance of way, main-
tenance of equipment, transportation, and gen-
eral overhead. Thus, it would be possible to
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cific areas of rail activity rather than at a total
rail cost level.

APPENDIX

Railroad Name

Atchison, Topeka and Santa Fe
Baltimore and Ohio
Bessemer and Lake Erie
Boston and Maine
Burlington Northern
Chesapeake and Ohio
Chicago and North Western
Chicago, Milwaukee, St Paul and
Pacific
Chicago, Rock Island and Pacific
Clinchfield
Colorado and Southern
Conrail
Delaware and Hudson
Denver and Rio Grande Western
Detroit, Toledo and fronton
Duluth, Missabe and Iron Range
Elgin, Joliet and Eastern
Florida East Coast
Fort Worth and Denver
Grand Trunk Western
llinois Central Gulf
Kansas City Southern
Louisville and Nashville
Missouri Kansas Texas
Missouri Pacific
Norfolk and Western
Pittsburgh and Lake Erie
Si. Louis - San Francisco
St. Louis Southwestern
Seaboard Coast Line
Soo Line
Southern Pacific
Southern Railway System
Union Pacific
WoMcrn Maryland
Western Pacific
CSX Transportation
Norfolk Southern
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* Where joint production occurs, such as in the railroad
industry, it is often impossible to get a single measure of
output. Frequently, gross ton-miles or car-miles are used as
proxies. Even when these proxy variables are used, it is
appropriate to adjust their values for the variations in traffic
level such as was done by McCuUough (1993). As used
here, the individual intermediate output measures will be
applied directly so that specific final outputs can be
described by (heir characteristics. One potential problem is
that the measures may actually reflect different operating
characteristics for different traffic (a thousand car-miles
may consist of one car moving a thousand miles or a thou-
sand cars moving one mile). Unfortunately, given the cur-
rent state of railroad statistics, there is little way around this
problem, which occurs in virtually every rail cost model.

1 There is always some concern over specification bias
•when estimating any cost function. Through use of these
five measures, it is expected (hat the variability in output
has been sufficiently explained, especially when compared
to models mat use single measures of output such as gross
ton-miles alone. *

I A fourth factor share equation for materials and sup-
plies was implicitly used. However, inclusion of all four
factor share equations in a simultaneous equation model
would result in exact multicollinearity of the model.
Additionally, the regression coefficients for those terms
relating to the price variable (P_MS) for materials and sup-
plies are not directly included in the regression results as
these were all defined relative to the other price measures
in order to enforce the linear homogeneity conditions as
specified by equation 8.

' The estimation software required that the restrictions be
included within the definition of the equations to be esti-
mated. As such, the coefficients on the variables related to
the price of materials and supplies are all embedded as lin-
ear combinations of other coefficients.

u See for example: C. Gregory Bereskin, "Econometric
Estimation of Post-Deregulation Railway Productivity
Growth." Transportation Journal, vol. 35-4, Summer
1996, pp. 34-43.

II C. Gregory Bereskin, "Econometric Estimation of Post-
Deiegulation Railway Productivity Growth." Transportation
Journal, vol. 35-4, Summer 1996, pp. 34-43.


